WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
C07C 69/587, A61K 31/23 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 94/10125 

11 May 1994(11.05.94) 



(21) International Application Number: PCT/EP93/029 1 7 

(22) International Filing Date: 21 October 1993 (21. 10.93) 



(30) Priority data: 

4/288684 
4/310253 
5/176750 
5/204182 



27 October 1992(27.10.92) JP 

19 November 1992 (19.11.92) JP 

16 July 1993(16.07.93) JP 

18 August 1993 (18.08.93) JP 



(71) Applicant (for AT only): SANDOZ-ERFINDUNGEN 
VERWALTUNGSGESELLSCHAFT M.B.H. [AT/ AT]; 
Brunner Strasse 59, A- 1230 Vienna (AT). 

(71) Applicant (for DE only): SANDOZ-PATENT-GMBH [DE/ 
DE); Humboldstrasse 3, D-79539 Lorrach (DE). 



(71) Applicant (for all designated States except AT DE US): 
SANDOZ LTD. ]CH/CH|; Lichtstrasse 35, CH-4002 
Basle (CH). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : NAGAHAMA, Shizuo 
[JP/JP]; 2-28-210, Kusaba-cho, Kumamoto-shi (JP). OC- 
HIAI, Keiko [JP/JP]; 1847-234, Oomuro, Kashiwa-shi, 
Chiba-ken (JP). OHBA, Setsuya [JP/JP]; 2-4-1-404, 
Amakubo, Tsukuba-shi, Ibaraki-ken (JP). TOMITA, 
Takako [JP/JP]; 1036-36, Kusanagi, Shimizu-shi, Shizu- 
oka-ken (JP). WAKABAYASHI, Toshio [JP/JP]; 
4-6-3-5 12, Ninomiya, Tsukuba-shi, Ibaraki-ken (JP). 

(74) Common Representative: SANDOZ LTD.; Patents & 
Trademarks Div., Lichtstrasse 35, CH-4002 Basle (CH). 



(81) Designated States: JP, US, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 



Published 

With international search report. 



(54) Title: GLYCERIN DERIVATIVES AND USES THEREOF 



O-R, 



(I) 



CH, 



O— R x 



(57) Abstract 

A compound of formula (I) wherein Rj and R 2 are acyl groups derived from different unsaturated fatty acids, both Ri 
groups being identical, one acyl group of Rj and R 2 is an acyl group derived from eicosapentaenoic acid or docosahexae- 
noic acid, and theother acyl group is an acyl group derived from Iinoleic acid, y-linolenic acid, eicosapentaenoic acid or do- 
cosahexaenoic acid, and which is preferably in pure form comprising at least 90 % of the compound, has platelet aggregation in- 
hibition activity and can be effectively used not only as a medicine for the therapy or prevention of thrombotic inflammation and 
platelet aggregation-induced arterial sclerosis, but also as a well-balanced nutrient clysis. Also certain compounds of formula (I), 
in particular the compound in which Rj is an eicosapentaenoyl residue and R 2 is a y-linolenoyl residue, have anti-hypertrigly- 
ceridemic activity and are useful for the therapeutic treatment or prevention of diseases caused by hypertriglyceridemic such as 
cardiac infarction or arteriosclerosis. 
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Glycerin Derivatives and Uses Thereof 

The present invention relates to glycerin derivatives , in 
particular to triglycerides, and pharmaceutical and nutrition 
uses thereof. 

It is known that certain unsaturated .fatty acids including 
eicosapentaenoic (EPA) , docosahexaenoic acid (DHA) and Y" 
linolenic acid (GLA) play an important role in prostaglandin 
synthesis and have antithrombotic and hypolipaemic activities . 
Also glycerides of unsaturated fatty acids have been proposed for 
use in medicine or nutrition: for prevention and treatment of 
gallstones (Japanese patent application J6 0169-148A - Nippon 
Oils & Fats KK) / for antithrombotic and hypolipaemic uses 
(European. Patent Application EP 0298293 - Fresnius AG) / to 
improve peripheral blood circulation (European Patent Application 
EP 0304603), and for prevention of thromboses (Japanese patent 
application J6 0132-916A - Nisshin Oil Mills KK) . Also a fat 
clysis preparation containing purified soybean oil is 
commercially available as Soyacal (GB 2050799 - Green Cross 
Corporation) . 

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are 
unsaturated fatty acids contained in fish oils of saltwater fish 
such as sardine, mackerel and saury. These fish oils contain 
complex mixtures of numerous fatty acid triglycerides, 

Linoleic acid (LLA) is an unsaturated fatty acid component of 
plant oils such as soybean oil and sunflower oil, and y-linolenic 
acid (GLA) is an unsaturated fatty acid contained in plant oils 
such as evening primrose oil. These plant oils are also composed 
of complex mixtures of numerous fatty acid triglycerides . 

The above plant oils contains neither EPA nor DHA. Consequently 
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single compound triglyceride products containing EPA and/or DHA 
in combination with LLA and/or GLA are not natural components of 
plant oils, or fish oils nor can they be separated or purified 
therefrom* 

Purified soybean oil is composed of triglycerides containing 
fatty acids which have up to 18 carbon atoms. On the other hand, 
human cells contain lipid derived from unsaturated fatty acids 
having at least 20 carbon atoms such as EPA and DHA, particularly 
DHA. Thus fat clysis preparations based on purified soybean oil 
cannot effectively provide the eicosapentaenoic acid and 
docosahexaenoic acid required by human cells. 

The unsaturated fatty acid triglycerides which have been used to 
date in medicines and foods have comprised complex mixtures of 
many different triglyceride compounds. It is believed that 
single, chemically defined triglyceride compounds will provide 
improved medicinal and food products. 

We have synthesized symmetrical triglycerides and have provided 
purified single compound products containing eicosapentaenoic 
acid or docosahexaenoic acid and having acyl groups derived from 
identical unsaturated fatty acids on the 1-position and 3- 
position of glycerol and have found that these triglyceride 
products have platelet aggregation inhibition activity and are 
also useful as a nutrient clysis. Also we have found that certain 
of the compounds that we have synthesised have anti- 
hypertriglyceridemic activity. 

Thus the objects of the present invention include the provision 
of novel triglyceride derivatives, and platelet aggregation 
inhibitor, fat clysis and anti-hypertriglyceridemic preparations 
containing the derivatives: 
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Accordingly the present invention provides a compound of formula 
(I) • 

0— R x 

CHa " x 

CR-0 — R, 
CH 2 

0— R x 

wherein R x and R 2 are acyl groups derived from different 
unsaturated fatty acids, both R 1 groups being identical, one acyl 
group of R x and R 2 is an acyl group derived from EPA or DHA, and 
the other acyl group is an acyl group derived from LLA, GLA, EPA 
or DHA. 

In particular the invention includes a compound of formula I in 
pure form. For the purposes of the present description a compound 
of formula I "in pure form" comprises at least 90%, preferably 
at least 95%, especially about 96-99%, by weight of a single 
compound of formula I. Such a compound in pure form typically 
contains less than 10%, advantageously less than 5%, by weight 
in total of other compounds of formula I. 

Specific examples of compounds of formula (I) will be apparent 
from the definitions of R x and R 2 in the above formula (I) and 
compounds in Examples to be described later. 

The compounds of formula I may be chemically synthesized; for 
instance in a first embodiment, as described below. 

In a first step, glycerol is allowed to react with LLA, GLA, EPA 
or DHA to obtain the corresponding 1, 3-diacylglyceride . The 
amount of unsaturated fatty acid used per mole of glycerol is 
preferably 1.9 to 2.2 mol. The reaction temperature is preferably 
between -30 °C and -10 °C. The solvent is selected preferably from 
pyridine, tetrahydrofuran, methylene chloride and mixtures of 
these. The condensation agent used for the condensation reaction 
is preferably N,N f -dicyclohexylcarbodiimide. 
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In a second step, the above 1, 3-diacylglyceride is reacted with 
an unsaturated fatty acid to provide a 1, 2, 3, -triacylglyceride 
of formula (I) . The unsaturated fatty acid used in the second 
step is different from that used in the first step and is EPA or 
DHA, when LLA or GLA is used in the first step; EPA LLA or GLA, 
when DHA is used in the first step; or DHA LLA or GLA when EPA 
is used in the first step. Preferably N, N 1 - 
dicyclohexylcarbodiimide is used as the condensation agent in the 
second step. The amount of unsaturated fatty acid used per mole 
of the 1, 3-diacylglyceride is preferably 0.95 to 1.1 mol. The 
reaction temperature is preferably room temperature, and the 
reaction solvent is selected from methylene chloride, ethyl 
acetate and tetrahydrof uran . 

Alternatively in a second embodiment the 2-monoacylglyceride may 
be prepared in a first step and this intermediate then reacted 
to provide the triglyceride of formula I. 

Dimethylaminopyridine is preferably used as a reaction catalyst 
in both the first and second steps. 

Thus the invention includes a process for the production of a 
compound of formula I which comprises appropriately acylating a 
compound of formula la 

0 — Ra x 

CH-0 — Ra 2 la 
O — Ra x 

wherein Ra x is R x or hydrogen, both Ra x groups are identical and 
Ra 2 is R 2 or hydrogen, provided that one of Ra x and Ra 2 is other 
than hydrogen. 

Alternatively in a preferred embodiment the compound of formula 
I may be prepared using dihydroxyacetone (HOCH 2 COCH 2 OH) as 
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starting material, comprising 1) a first step in which the 
dihydroxyacetone is reacted with LLA, GLA, EPA or DHA to obtain 
the corresponding 1, 3-diacyl-2-propanone; 2) a second step in 
which the 2-propanone is reduced to give the .corresponding 1,3- 
diacylglyceride; and 3) a third step in which the 1,3- 
diacylglyceride is reacted with an unsaturated fatty acid to 
provide a 1, 2, 3-triacylglyceride of formula I, as described above 
for the second step of the first embodiment. 

Accordingly the invention includes a process for the production 
of a compound of formula I, which comprises the step of reducing 
a l,3-diacyl-2-propanone of formula lb 

y=:0 lb 

O— R x 



where in R x is as defined above, to obtain the corresponding 1,3- 
diacylglyceride . 

The compounds of formula I have pharmacological activity and are 
therefore useful as pharmaceuticals. 

In particular the compounds show platelet aggregation inhibition 
activity; for instance when tested in an assay as described in 
Example 11. The compounds are, therefore, useful for the therapy 
or prevention of diseases caused by platelet aggregation such as 
thrombotic inflammation and arterial sclerosis. 

Also the compounds may also be used in a well-balanced nutrient 
clysis . 

Moreover particular compounds of formula I, especially the 
compound of formula IX as given hereinafter in Example 8 has 
anti-hypertriglyceridemic activity; for instance when tested in 



5 



WO 94/10125 PCT/EP93/029I7 
an assay as described in Example 12. Compounds having such anti- 
hypertriglyceridemic activity are useful for the therapeutic 
treatment or prevention of diseases caused by 
hypertriglyceridemia, such as cardiac infarction or 
ateriosclerosis . 



Thus the invention also includes the use of a compound of formula 
I, e.g. in pure form, as a pharmaceutical or nutrient. 

Further the invention includes a pharmaceutical or nutrient, e.g. 
fat clysis, composition comprising an effective amount of a 
compound of formula I, e.g. in pure form. 

Such compositions typically comprise the compound of formula I 
together with a pharmaceutically- or nutritionally-acceptable 
diluent, excipient or vehicle. The compositions may be for oral 
or parenteral, including injectable, administration. The dose at 
which the compound is administered to adults, both for inhibition 
of patelet aggregation and anti-trihypertriglyceridemic uses, may 
be in the range from 100 mg to 5 g/day, preferably from 200 mg 
to 2 g/day. It can be administered once a day or by dividing a 
dose into two or three doses a day as required. It is preferably 
orally administered or intravenously injected. 

When a preparation for oral administration is produced, the 
compound of the present invention may be prepared in capsule, 
tablet or granular form by mixing it with a preparation vehicle 
or excipient according to a usual method. Further, the compound 
of the present invention can be included with cyclodextrin to 
stabilize it. For intravenous injection, the triglyceride 
derivative of the present invention can be prepared as an 
emulsion by dispersing the triglyceride derivative, normally at 
a concentration in the range from about 10 to about 20% (w/v) , 
with distilled water for injection, purified yolk lecithin and 
glycerin and emulsifying the resultant dispersion under pressure. 
When an emulsion is prepared purified soybean oil may be mixed 
with the triglyceride derivative . In this case, the mixing ratio 
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of the purified soybean oil is preferably in the range of 0 to 
97 w/v%. 

The fat clysis preparation of the present invention can be 
prepared by the same method as that used for preparing the above 
emulsion for intravenous injection. 

The fat clysis preparation according to the invention can be used 
not only as a clysis preparation for the therapy of thrombotic 
inflammation and arterial sclerosis, but .also as a well-balanced 
nutrient clysis . 

The dose at which the emulsion may be injected into adults, both 
when used for therapy and as a nutrient clysis, is usually in the 
range from 1 ml to about 500 ml per day. 

Among the compounds of the formula (I), compounds II, V, VII and 
X, particularly compounds II, V and X, as described in Examples 
1, 4, 6 and 9, are preferred for use in fat clysis preparations. 

The invention is further illustrated in, though not limited by, 
the following Examples nos. 1 to 13. 
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Example 1 Compound of formula I wherein R x is linoleyl residue 
and fi 2 is docosflheKanoyl residue 

(1) 8 ml of tetrahydrofuran, 30 mg (0.24 mM) of 4- 
dimethylaminopyridine and 1,083 mg (5,21 mM) of, N,N'- 
dicyclohexylcarodiimide were added to 242 mg (2.63 mM) of 
glycerin, to which a solution of 1,473 mg (5,26 mM) of linoleic 
acid in 4 ml of methylene chloride is then added dropwise under 
a nitrogen atmosphere at -20°C. The resultant mixture is allowed 
to react for 22 hours while the reaction temperature is 
maintained between -30 °C and -10 °C. The reaction mixture is then 
filtered, and the filtrate evaporated to dryness under reduced 
pressure. The residue is subjected to silica gel chromatography, 
and 441 mg of 1, 3-dilinoleylglyceride is obtained from a 
methylene chloride-acetone (98.5:1.5) elution fraction. This 
product has the following physiocochemical characteristics. 

KBr 

IRv ^ (cnT 1 ) :3480, 1744 
Max 

NMR (CDC13), 8(ppm): 0.89 (6H, t, J - 7.0 Hz), 

5.35 (8H,m) 
MASS (m/e) : 616 (M*) puritiy >98% 

(2) 3 ml of methylene chloride is added to a mixture of 307 mg 
(0.49 mM) of the 1, 3-dilinoleylglyceride, 10 mg (0.08 mM) of 4- 
dimethylaminopyridine and 101 mg (0.49 mM) of N,N f - 
dicyclohexylcarbodiimide, to which a solution of 168 mg (0.51 mM) 
of docosahexaenoic acid in 1 ml of methylene chloride is then 
added dropwise at room temperature under a nitrogen atmosphere. 
The resultant mixture is allowed to react at room temperature 
overnight, the reaction mixture is then filtered, and the 
filtrate is evaporated to dryness under reduced pressure. Then, 
the residue is subjected to silica gel chromatography, and 422 
mg of 1, 3-di-9, 12-octadecadienoyl-2~4 , 7, 10, 13, 16, 19 
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docosahexaenoylglyceride is obtained from a methylene chloride 
elution fraction. This product has the following physicochemical 
characteristics . 

neat 

IRv (cm* 1 ) : 3015, 1746 puritiy >95% 

Max 

NMR (CDC1 3 ), 6(ppm): 0,89 (6H, t, J - 7.0 Hz), 

0.97 (3H, t, 7.2 Hz), 5.38 (21H, m) 
MASS (m/e) : 926 <M+) , 647, 599 

The above physicochemical data are consistent with a structure 
of formula (II) . 



0 
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Example 2 Compound of formula I wherein R, is linoleyl r^iriim 
and is eicosapentaenoyl residue 

Eicosapentaenoic acid is allowed to condensation-react with 1,3- 
dilinoleylglyceride as obtained in Example 1(1) in the same 
manner as in Example 1(2) to give 1, 3-di-9, 12-octadienoyl-2- 
5,8,11, 14, 17-eicosapentaenoylglyceride . This product has the 
following physicochemical charcteristics . 

KBr 

IRv (cm* 1 ) : 3016, 1746 puritiy >95% 

Max 

NMR (CDC13), 6(ppm): 0.89(6H, t, J - 7.0 Hz), 
0.97 <3H, t, 7.6 Hz), 5.35 (19H, m) 
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MASS (m/e) : 900 (M*) , 599 

The above physicochemical characteristics are consistent with a 
structure of formula (III) . 



o 




in 



2TT\ 3 ? WQ T ° f fnm}] " 1 Trtinrn ' n F ' ia ^to J —inl- 
and R, iff dPCPPahPyaennyl r»j 1r 

(1) 0 8 ml of pyridine, 6 ml of tetrahydrofuran, 35 mg (0.29 mM) 
of 4-dxmethylaminopyridine and 741 mg (3.56 mM) of N,N'- 
dxcyclohexylcarbodiimide is added to 172 mg (1.87 mM) of 
glycerin, to which a solution of 1 g (3.60 mM) of y-linoleic acid 
m 3 ml of methylene chloride is then added dropwise under a 
nxtrogen atmosphere at -2 0 oc. The resultant mixture is allowed 
to react for 22 hours while the reaction temperature is 
maintained between -30°C and -10'C. The reaction mixture is 
Altered, and the filtrate evaporated to dryness under reduced 
Pressure. The residue is then subjected to silica gel 
chromatography, and 701 mg of 1, 3-di Y -linolenoylglyceride is 
obtaxned from a methylene chloride-acetone 1% elution fraction. 
Thxs product has the following physicochemical characteristics. 

KBr 

IRV Max (Cm " l) : 348 °' 1744 P urit y >98% 

■ MR ( 5 D 3T ) (12H, ( Sr 1 °' 89 (6H ' J = 7 -°H 2 ), 
MASS (m/e) : 612 (M + ) 
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(2) 1.5 ml of methylene chloride is added to a mixture of 219 mg 
(0.36 mM) of the 1, 3-diy-linolenoylglyceride, 10 mg (0.08 mM) of 
4-dimethylaminopyridine and 76 mg (0.37 mM) of N, N 1 - 
dicyclohexylcarbodiimide, to which a solution of 121 mg (0.37 mM) 
of docosahexaenoic acid in 1 ml of methylene chlordie is then 
added dropwise at room temperature under a nitrogen atmosphere. 
The resultant mixture is allowed to react at room temperature 
overnight, and then the reaction mixture is filtered. The 
filtrate evaporated to dryness under reduced pressure. The 
residue is subjected to silica gel chromatography, and 295 mg of 
l,3-di-6,9,12-octadecatrienoyl-2-4,7,10,13,16,19- 
docosahexenoylglyceride is obtained from a methylene chloride- 
hexane (1:1) elution fraction. 

KBr 

IRv (crrr 1 ); 3016, 1746 purity >96% 

Max 

NMR (CDC1 3 ) , 5(ppm): 0.89 (6H, t, J = 7.0 Hz), 

0.97 (3H, t, 7.4 Hz), 5.37 (25H, m) 
MASS (m/e) : 922 (M + ) , 645, 595 

The above physicochemical data are consistent with a 
structure of formula (IV) . 
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Example 4 Compound of formula I whargin Bi jjg docosahexaenoyl 
residue and R„ is linoleyl residua 

(1) Glycerin and docosahexaenoic acid are allowed to 
condensation-react in the same manner as in Example 1(1) to 
obtain 1,3-didocosahexaenoylglyceride. This product has the 
following physicochemical characteristics . 



KBr 

IRv (cm -1 ) : 3466, 3018, 1742 purity >97% 

Max 

NMR (CDC1 3 ), fi(ppm): 0.97 (6H, t, J = 7.0 Hz), 

5.37 (24H, m) 
MASS (m/e) : 712 (M*) , 385 



(2) The above 1,3-didocosahexaenoylglyceride is allowed to 
condensation-react with linoleic acid in the same manner as in 
Example 1(2) to give 1, 3-di-4, 7, 10, 13, 16, 19-docosahexaenoyl-2- 
9, 12-octadecadienoylglyceride. This product has the following 
physicochemical characteristics. 
KBr 

IRv (cm -1 ) : 3018, 1746 purity >96% 

Max 

NMR (CDCI3), 6(ppm): 0.97 (9H, t, J - 7.5 Hz), 

5.37 (29H, m) 
MASS (m/e) : 974 (M+) , 647 

The above physicochemical data support a structure of formula 
(V) . 
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Example 5 Compound Of for mula I wherein R, is docoaahexaanoyl 
residue and R, is v-linolenvi caaldafi 

1, 3-Didocosahexaenoylglyceride as obtained in Example 4(1) is 
allowed to condensation-react with y-linolenic acid in the same 
manner as in Example 1(2) to give 1, 3-di-4, 7, 10, 13, 16, 19- 
docosahexaenoyl-2-6, 9, 12-octadecatrienoylglyceride. This product 
has the following physicochemical characteristics. 
KBr 

IRv (cm" 1 ) : 3016, 1740 purity >95% 

Max 

NMR (CDC1 3 ), fi(ppm): 0.86 (9H, t, J - 7.0 Hz), 

5.32 (31H, m) 
MASS (m/e) : 972 (M*) , 695 

The above physicochemical are consistent with a the structure of 
formula (VI) . 




Example 6 Compound of f ormula 1 w her e i n r , is dogQaahazaanayJ 
residue and P- la eicosaoentaenovi raaidnft 

1, 3-Didocosahexaenoylglyceride is allowed to condensation-react 
with eicosapentaenoic acid in the same manner as in Example 4(2) 
to give 1, 3-di-4, 7, 10, 13, 16, 19-docosahexaenoyl-2-5, 8, 11, 14, 17- 
eicosapentaenoylglyceride . 

This product has the following physicochemical characteristics: 



13 



WO 94/10125 



PCT/EP93/02917 



neat 

IRv (cm' 1 ) : 3015, 1745 purity >94% 

Max 

NMR (CDC1 3 ), fi (ppm) : 1.00 (9H, t, J = 7.3 Hz), 

5.40 (35H, m) 
MASS (m/e) : 996 (M*) , 695, 669 

The above physico-chemical data are consistent with a structure 
of formula (VII) . 




VII 



Example 7 Compound of for mula I wherein R ,. is glsaaaB sntagnflg J 
residue and R, is UnalgyJ Egaidug 

(1) Glycerin and eicosapentaenoic acid are allowed to 
condensation-react in the presence of the same solvent as that 
used in Example 3(1) to obtain 1, 3-dieicosapentaenoylglyceride . 
This product has the following physicochemical characteristics. 

KBr 

IRv (cm" 1 ); 3470, 3016, 1742 purity >97% 

Max 

NMR (CDC1 3 ) , S(ppm): 0.97 (6H, t, J = 7.4 Hz), 

5.34 (20H, m) 
MASS (m/e) : 660 (M + ) , 359 

(2) The above 1, 3-dieicosapentaenoylglyceride is allowed to react 
with linoleic acid in the same manner as in Example 1(2) to give 
1, 3-di-5, 8,11,14, 17-eicosapentaenoyl-2-9, 12-octadecadienoyl 
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glyceride. This product has the following physicochemical 
characteristics . 



neat 

IRv (cm- 1 ) : 3015, 1745 purity -96% 

Max 

NMR (CDC1 3 ) , 5(ppm): 0,86 <3H, t, J - 7.0 Hz), 

0.97 (6H, t, 7,3 Hz), 5.25 (25H, m) 
MASS (m/e) : 922 (M+) , 621 

The above physicochemical data support a structure of formula 

(VIII) 




VIII 



Example 8 Compound of formula I wherein Ri is eicosapentaenoyl 
residue and R 2 is y-linolenyl residue 

1, 3-Dieicosapentaenoylglyceride as obtained in Example 7(1) is 
allowed to react with y-linolenic acid in the same manner as in 
Example 1(1) to obtain 1, 3-dieicosapentaenoyl-2-6, 9, 12- 
octadecatrienoylglyceride . This product has the following 
physicochemical characteristics. 

KHr 

IRv ' X ~'~ (cm" 1 ); 3016, 1746 purity >96% 

Max 

NMR (CDCI3), 6(ppm): 0.89 (3H, t, J = 7.0 Hz), 

0.97 (6H, t, 7,4 Hz), 5.37 (27H, m) 
MASS (m/e) : 920 (NT) , 619 

The above physicochemical data support a structure of formula 

(IX) . 
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IX 



Exaa * le 9 ttMPwnrt of f or mula T ghsrain E 3 is ^ nnM ^,. n , T 
residue find p. _jg docflflflhaga anaaJ cg aidas 

1,3-Dieicosapentaenoylglyceride as obtained in Example 7(1) is 
allowed to react with docosahexaenoic acid in the same manner as 
in Example 1(2) to obtain 1, 3-dieicosapentaenoyl-2- 
4,7,10,13,16,19-docosahexaenoylglyceride. This product has the 
following physicochemical characteristics. 



KBr 

IRv (cm" 1 )/ 3016, 1746 

Max 



purity >94% 



^ ( ??7 3) /^t (PP ^ ) ! °' 96 (9H ' fc ' J= 7 -3 Hz), 
0.37 (33H, m) ' 

MASS (m/e): 970 (M*) , 669, 643 

The above physicochemical data support a structure of formula 
(X) . 
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Example io Alternative Process for th» p^ P ara Hnn af ^ 
soiBBQHnd of formula t gharsia a, is eioosanentnenvi Eeaidas an d 

R-, is linolyl 

(1) A solution of 3.02 g (lOmM) of eicosapentaenoic acid in 
10 ml of methylene chloride is prepared, and this solution is 
added to a solution of 1.78 g (llmM) of carbonyl diimidazole in 
10 ml of methylene chloride under an atmosphere of nitrogen. The 
mixture is allowed to react at room temperature for 3 hours . Then 
450 mg (2.5 mM) of a dihydroxyacetone dimer and 1.2 g (lOmM) of 
4-dimethylaminopyridine are added, and the resultant mixture is 
allowed to react at room temperature overnight. The reaction 
mixture is washed with water and evaporated to dryness under 
reduced pressure. The residue is subjected to silica gel column 
chromatography, and 2.70 g of 1, 3-bis-5, 8, 11, 14, 17- 
eicosapentaenoyl-2-propanone is obtained from the methylene 
chloride elution fraction. The physicochemical characteristics 
of this product are as follows. 
KBr 

IRu (cm" 1 ) : 3016, 1745 

max 

NMR (CDC1 3 ) , 6 (ppm) : 0.97(6H,t,J=7.0Hz), 4.76(4H,s), 
5.41 (20H, m) 

(2) 2.64 g (4.0 mM) of the 1, 3-bis-5, 8, 11, 14, 17- 
eicosapentaenoyl-2-propanone obtained in (1) is dissolved in 20 
ml of tetrahydrofuran, and 1.0 ml of water is added. Then, 302 
mg (8.0 mM) of sodium borohydride is added with cooling with ice, 
and the mixture is allowed to react for 2 hours. After the 
reaction, 20 ml of 2N-hydrochloric acid is added. The 
tetrahydrofuran layer is separated, and the water layer is 
extracted with methylene chloride. The combined organic layers 
are dried and then evaporated to dryness under reduced pressure. 
The residue is subjected to silica gel column chromatography, and 
1-27 g of l,3-bis-5,8,ll,14,17-eicosapentaenoylglyceride is 
obtained from the methylene chloride elution fraction. The 
physicochemical characteristics of this product are as follows. 
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KBr 

IRu (cm" 1 ) : 3470, 3016, 1742 

max 

NMR (CDC13), fi(ppm): 0 . 97 { 6H, t, J=7 . 4Hz) , 5.34(20H,m) 

(3) 990 mg (1.5 mM) of the 1, 3-bis-5, 8, 11, 14, 17- 
eicosapentaenoylglyceride obtained in (2), 417 mg (1.5 mM) of y- 
linolenic acid and 18 mg (0.15 mM) of 4-dimethylaminopyridine are 
dissolved in 20 ml of methylene chloride, and a solution of 310 
mg (1.5 mM) of N, N r -dicyclohexylcarbodiimide in 5,0 ml of 
methylene chloride is added dropwise under an atmosphere of 
nitrogen. The mixture is allowed to react at room temperature 
overnight. The reaction mixture is filtered, and the filtrate was 
evaporated to dryness under reduced pressure. The residue is 
subjected to silica gel column chromatography, and 1,21 g of 1,3- 
bis-5, 8, 11, 14, 17-eicosapentaenoyl-2-6, 9, 12 octadecatrienoyl- 
glyceride is obtained from the methylene chloride elution 
fraction. The physicochemical data for this product are as 
follows ♦ 



KBr 

IRu (cm-1); 3016, 1746 

max 

NMR (CDC1 3 ), fi(ppm): 0 . 89 (3H, t, J-7 . 0Hz) , 

0.97(6H,t, J=7.4Hz) , 5.37(27H,m) 
MASS (m/e) : 920 (M*) 




WO 94/10125 PCT/EP93/02917 
Other compounds of formula I (i.e. compounds of formulae II, III, 
IV, V, VI, VII, VIII and X) may also be prepared by processes 
including reduction of a 2-propane diglyceride, essentially as 
described in this Example. 

Example 11 Activity as inhibitors of platelet a ggregation. 

1 Part by volume of 3.8% aqueous sodium citrate solution and 9 
parts by volume of blood taken from the carotid arteries of a 
rabbit are mixed. The resultant mixture is centrifugally 
separated at room temperature to obtain platelet-enriched plasma 
(PRP: 200,Q00/pl) . 

99 ]il of the above PRP is placed in a cuvette, and 1 pi of a 10% 
(w/v) solution of test compound in ether-ethanol (1:9) is added. 
The mixture is incubated at 37 °C for 5 minutes, and 11 jil of an 
arachidonic acid solution is added to induce aggregation and 
permit measurement of platelet aggregation. Each test compound 
is assayed to determine the concentration required for 50% 
inhibition (IC 50 ) of the platelet aggregation induced by the 
arachidonic acid (300 \xM) . Table 1 shows the results. Aspirin and 
soybean oil are used as controls . 
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Table 1 

Compound Example Concentration for 50% 

inhibition of platelet 
aggregation (mol ) 



II 


1 


7.6 x 10" 5 


III 


2 


7.8 x lO' 5 


IV 


3 


7.2 x 1CT 5 


V 


4 


6.0 x 10" 5 


VI 


5 


6.6 x 10" s 


VII 


6 


•6.5 x lO" 5 


VIII 


7 


8.0 x 10" s 


IX 


8 


7.8 x 10" 5 


X 


9 


7.6 x 10" s 


Aspirin 




2.5 x 10" s 


(control) 






Soybean oil 




>10" 3 


(control) 







The above Table 1 clearly shows that the glyceride derivatives 
of the present invention had the activity for inhibiting platelet 
aggregation and that soybean oil had no activity. 



Example 12 Anti-hvpertrialvceridemia activity 

Male Wistar rats (10 weeks of age ) are orally administered 
with a CMS (0,5%) suspension of the compound of formula IX (1,3- 
dieicosapentaenyl-2-6, 9, 12-octadecatrienoyl glycerate) . This oral 
administration is continued for 5 consecutive days* During the 
period of the oral administration, a synthetic high-cholesterol 
food shown in Table 2 is fed, whereby hypertriglyceridemia is 
caused. Blood samples are collected from the tail veins after 12 
hours f fasting before the test and after 12 hours ' fasting after 
the test. The measurement of serum triglyceride is carried out 
by an enzyme method. Table 3 shows the results. 
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Table 2 



Synthetic cholesterol food* (unit g) 



Cholesterol 
Bile acid 
Milk casein 
Salts 

Hardened cottonseed oil 
Choline chloride 
p-Aminobenzoic acid 
Inositol 
Vitamin syrup 
Sucrose 



1.0 
0.5 

10.0 
4.0 

15.0 
0.2 
0.1 
0.1 
1.5 

67.6 



Total 



100.0 



* See Japan J. Pharmacol. Vol 23, pp. 289 to 298, 1973 



Table 3 

Group Number Dose Serum triglyceride Average value 
of rats (g/kg) concentration (mg/dl) istandard error 

Before After Difference 

adminis- adminis- 
tration t ration 



Control 



70.3 



143.2 



72 . 9±3 . 1 



Compound 6 
[I] 



1.3 



69.3 



116.1 



46.7+6.2 



As is clear in the above Table 3, it has been found that the 
compound of formula IX exhibits anti-hypertriglyceridemia 
activity with less than 1% significance in the t test. 
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(1) Preparation of Soft capsules 



Capsules each containing 200 mg of the compound of formula VI or 
the compound of formula IX are formed at room temperature using 
a rotary encapsulating machine. A gelatin capsule-forming recipe 
is used employing as the coating substrate 2.2 kg of gelatin, 
0.66 kg of glycerin, 4.4 g of methylparaben, 1.1 g of 
propylparaben, 1.1 g of Yellow No. 5 and 1.8 kg of purified 
water . 



(2) Preparation of Emulsion-1 



400 Grams of the compound of formula II, 48 g of purified yolk 
lecithin, 2.0 g of oleic acid, 100 g of glycerin and 40 ml of 
0.1N caustic soda are dispersed using a homomixer, and then 
distilled water for injection is added to a total volume of 4 
liters. The above ingredients are emulsified in the distilled 
water for injection using an emulsifying machine. Emulsion-1 is 
used either as a platelet aggregation inhibitor or as a fat 
clysis preparation. 

(3) Preparation of Emulsion-2 



50 Grams of the compound of formula VII, 450 g of purified 
soybean oil, 60 g of purified yolk lecithin, 2.5 g of oleic acid, 
125 g of glycerin and 50 ml of 0.1N caustic soda are dispersed 
with a homomixer, and then distilled water for injection is added 
to give a total volume of 5 liters. The above ingredients are 
emulsified in the distilled water for injection using an 
emulsifying machine. Emulsion-2 is used either as a platelet 
aggregation inhibitor or as a fat clysis preparation 
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Male ICR mice (aged 5 weeks) are used for an acute toxicity test 
by oral administration. The compounds of the present invention, 
II, V, VII and IX have LD S0 values of 5 g/kg or more, and thus 
have high safety. 
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1- A compound of formula (I) 



ck 
\ 2 

CH-O— R, 

CH 2 
\ 2 

0— R x 



wherein R 1 and R 2 are acyl-groups derived from different 
unsaturated fatty acids both R 1 groups being identical, one 
acyl group of R 1 and R 2 is an acyl group derived from 
eicosapentaenoic acid or docosahexaenoic acid, and the 
other acyl group is an acyl group derived from linoleic 
acid, y-linolenic acid, eicosapentaenoic acid or 
docosahexaneoic acid. 

2. A compound of claim 1 in at least 90% pttre form. 

3. A compound of claim 1 containing less than 10% in total of 
other compounds of formula I. 

4. The use of a compound of claim 1 as a pharmaceutical or a 
nutrient . 

5. A compound according to claim 1 for use as a platelet 
aggregation inhibitor or as an anti-hypertriglyceridemic 
agent . 
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for use as an anti-hypertriglyceridemic agent. 

7. A pharmaceutical or nutrient composition comprising a 
compound of claim 1. 

8. A pharmaceutical composition according to claim 7 for use 
in the inhibition of platelet aggregation or as an anti- 
hypertriglyceridemic . 

9. A parenteral nutrition composition comprising a compound of 
claim 1. 

10. A process for the production of a compound of formula I as 
defined in claim 1 which comprises appropriately acylating 
a compound of formula la 

O — Ra x 

CH-0 — Ra 2 la 
O — Ra x 



wherein Ra x is R x or hydrogen, both Ra 1 groups are identical 
and Ra 2 is R 2 or hydrogen, provided that one of Raj and Ra 2 
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is other than hydrogen and R x and R 2 are as defined in claim 
1. 

11. A Process for the production of a compound of formula I as 
defined in claim 1, which comprises the step of reducing a 
1, 3-diacyl-2-propanone of formula lb 

CHj 
O— R : 



where R x is as defined in claim 1, to obtain the 
corresponding 1 , 3-diacylglyceride . 
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